background: Spermatozoa acquire the ability to fertilize an oocyte when they become capacitated. Capacitation takes place when sperm pass through the female reproductive tract, interacting with female fluids. Both tyrosine phosphorylation of sperm proteins and the ability to respond to acrosome reaction (AR) inducers have been associated with sperm capacitation. Recent data indicate that conditioned media (CM) from human oviductal tissue culture decrease sperm affinity for the zona pellucida in vitro. Since capacitation enables the sperm-oocyte interaction, the aim of the present study was to investigate the effect of CM on events related to sperm capacitation and to assess whether these effects were permanent. methods: Oviductal tissue was obtained from premenopausal patients (scheduled for hysterectomies because of uterine fibromyoma).
Introduction
Capacitation has been defined as a sequence of complex processes enabling sperm to fertilize an oocyte. It takes place between sperm deposition in the female reproductive tract, during natural mating, and the time when fertilization occurs (Chang, 1952) . Spermatozoa interact with female genital tract fluids of multiple origins, which could modulate sperm capacitation by yet not well-understood mechanisms.
Capacitation has been correlated with changes in sperm intracellular ion concentrations, plasma membrane fluidity, metabolism and motility (de Lamirande et al., 1997; Baldi et al., 2000; Visconti et al., 2002; Urner and Sakkas, 2003) . Changes in sperm protein phosphorylation have also been implicated in sperm capacitation, mainly reflected in the Tyr phosphorylation (Tyr P) of the proteins known as p80 and p105 (de Lamirande et al., 1997; Baldi et al., 2000; Visconti et al., 2002; Urner and Sakkas, 2003) . However, the regulatory mechanisms of these events are still only partially known (Thundathil et al., 2002; Liguori et al., 2005; Jha et al., 2006) . Capacitation involves changes that enable the interaction between spermatozoa and the zona pellucida and the induction of the acrosome reaction (AR). Although fertilization still represents the definitive confirmation that sperm have undergone capacitation, the ability of sperm to undergo an AR can be taken as an earlier marker of capacitation (Yanagimachi, 1994) . In the presence of an AR inducer, capacitated spermatozoa are able to complete the AR in vitro (Yanagimachi, 1994) . Progesterone as well as zona proteins have been shown to evoke the cascade of intracellular signalling events leading to the completion of the AR (Yanagimachi, 1994; Franken et al., 1996; Wassarman, 1999; Calogero et al., 2000) . In addition, a calcium ionophore can also trigger the sperm AR in capacitated sperm (Roldan and Harrison, 1989) .
After spermatozoa reach the oviduct, they can stay in contact with the oviductal secretions for hours and even days. The formation of a functional sperm reservoir in the mammalian oviduct ensures that suitable numbers of viable and potentially fertile spermatozoa are available for fertilization (Hunter and Rodriguez-Martinez, 2004; Holt et al., 2006; Rodriguez-Martinez, 2007; Hunter, 2008) . Since sperm capacitation is crucial for fertilization, regulation of such a process might be very important in order to select optimal subpopulations of spermatozoa for fertilization (Cohen-Dayag et al., 1995; Evans and Kopf, 1998; Eisenbach, 1999; Bergqvist et al., 2006; Rodriguez-Martinez, 2007; Hunter, 2008) .
It has been suggested that some oviductal proteins could be involved in modulating sperm function and fertilizing ability (O'Day-Bowman et al., 1996; McCauley et al., 2003; Quintero et al., 2005; Brewis and Gadella, 2009) . Supporting this hypothesis, several studies have reported effects of oviductal proteins on gamete functions and interaction (Laird et al., 1995; Oehninger et al., 1995; O'Day-Bowman et al., 1996; Chiu et al., 2007; Gonçalves et al., 2007; Yeung et al., 2007) . More recently, a protein from the apical plasma membrane of oviductal epithelial cells from three mammalian species (pig, bovine and ewe) was shown to be involved in the maintenance of sperm survival (Elliot et al., 2009; Lloyd et al., 2009) . In a previous study, we detected the presence of several de novo produced proteins in the conditioned media (CM) from human oviductal tissue cultures (Quintero et al., 2005) . The CM were shown to decrease sperm affinity for the zona pellucida in vitro (Munuce et al., 2009) . Since the complex nature of the interactions between sperm and the female genital tract to regulate capacitation remains poorly understood and, considering that sperm capacitation is required for a successful recognition and interaction with the zona pellucida, the objectives of this study were to evaluate the effect of increasing concentrations of proteins from CM on events related to sperm capacitation and to assess whether, the effects of CM are permanent.
Materials and Methods
Study protocols were approved by the Institutional Bioethical Board of the School of Biochemical and Pharmaceutical Sciences, National University of Rosario and a written consent was obtained from all donors.
Chemicals and reagents
Unless mentioned in the text, all the chemicals and reagents were purchased from Sigma -Aldrich, Inc. (St Louis, MO, USA) or from MP Biomedicals, Inc. (Irvine, CA, USA) and were of the highest purity available.
Culture of human oviductal explants
Human oviductal tissues were obtained from premenopausal women (n ¼ 17, average age: 42.9 + 1.3 years) with no clinical history of infection or neoplasic diseases, scheduled for hysterectomies as a result of uterine fibromyomas or hypermenorrea (Hospital Provincial del Centenario, Rosario, Argentina). Fourteen patients were in the late follicular phase (Days 11.7 + 0.5) of the menstrual cycle, while the rest were in the periovulatory phase (Days 14.3 + 0.3). No patient received any hormonal treatment prior to hysterectomy. Tubal tissues were processed within 1 h following surgery as described elsewhere (Quintero et al., 2005) . Briefly, tissue explants were cultured for 24 h in the DMEM/HAM F12 medium (1:1) (Gibco BRL, Life Technologies, Paisley, Scotland) supplemented with 100 U/ml penicillin, 100 mg/ml streptomycin, 10% v/v fetal bovine serum (FBS, Bioser, Buenos Aires, Argentina) and 2 mM L-glutamine (Gibco, Japan). Tissues were then further cultured 24 h in a serum-free medium. Following incubation, the CM were collected and centrifuged for 5 min at 500×g to remove debris. The clarified media were dialysed (10 kDa membrane, Sigma -Aldrich, Steinheim, Germany) against distilled water for 24 h at 48C, lyophilized (Labconco, Lyph-Lock 12, KS, USA), re-dissolved in 200 ml of Ham's F10 medium (Hyclone, Road Logan, UT, USA) and stored at 2208C until use. Each CM collected was used in independent experiments. Total protein concentration in CM was assessed with a BioRad Protein assay kit (Hercules, CA, USA). All cultures were performed at 378C in a humidified atmosphere of 95% air and 5% CO 2 .
Collection of human follicular fluid
Human follicular fluids (hFFs) were collected during oocyte retrieval from women (n ¼ 6) participating in an IVF programme, as described in a previous report (Munuce et al., 2004) . Only hFF with no blood contamination and from follicles containing a mature oocyte (metaphase II) were collected. Follicular fluids from each sample were centrifuged (10 min, 600×g) to remove cellular debris, filtered through a 0.22-mm membrane (Millipore Corp., Bedford, MA, USA) and mixed into a pool, before being stored at 2208C.
Tissue DNA integrity
In order to evaluate tissue viability after culture, DNA integrity of oviductal explants was analysed at the end of the incubations. Briefly, explants were manually disaggregated with B buffer (0.0875 mM NaCl, 9 mM EDTA, 10 mM Tris base). Supernatants were treated for 20 h at 378C with sodium dodecyl sulfate (SDS, 20% v/v) and proteinase K (10 mg/ml, Promega, MA, USA), after which suspensions were sequentially extracted with phenol, phenol:chloroform:isoamyl alcohol (25:24:1) followed by chloroform-isoamyl alcohol (24:1) (Davis et al., 1994) . DNA was precipitated by adding NaCl (5 M) and absolute ethanol, and incubated for 2 h at 2208C. After centrifugation at 7000×g, DNA was washed with 70% v/v ethanol, air dried, re-suspended in sterile water and stored at 2208C until use. Electrophoresis of DNA samples was carried out on 1% v/v agarose gels (BioRad, Hercules, CA, USA) in TBE buffer (0.089 M Tris base, 0.089 M boric acid, 0.02 M EDTA, pH 8.3) for 2 h at 75 V. A commercial DNA Marker (CienMarker, 100-1000 pb, Biodynamics, Buenos Aires, Argentina) was used as molecular weight standard. The CM obtained from tissues with altered DNA integrity were excluded from the study.
Semen samples and sperm processing
Semen samples were obtained from normozoospermic donors (n ¼ 9), collected by masturbation after 3 -5 days of sexual abstinence. After complete liquefaction, semen analysis was performed according to the World Health Organization (WHO, 1999) guidelines for the examination of human semen (1999) . Morphology was analysed by strict criteria (Kruger et al., 1986) . Sperm motility and viability were assessed as described in the WHO Laboratory manual for the examination of human semen (1999) . Briefly, to assess viability, one drop of 0.5% w/v Eosin Y solution and one drop of the sperm suspension were mixed on a microscope slide, covered with a cover slip and examined after 30 s at ×400 with a light microscope. A total of 200 spermatozoa were counted, differentiating live (unstained) from the dead (stained) spermatozoa. The viability was reported as a percentage. For motility assessment, a 10 ml drop from a well-mixed sperm suspension was placed in a Makler chamber (Sefi-Medical Instruments, Haifa, Israel) and examined at a magnification of ×200 under a light microscope. Sperm motility was graded a, b, c or d according to the WHO crireria. A minimum of 200 sperm from multiple fields was assessed. The percentage of motile sperm with forward progression (grades a + b) was considered for the analysis. Motile spermatozoa were selected by swim-up. In brief, 1 ml of Ham's F10 medium was layered directly onto 1 ml of liquefied semen and incubated for 1 h at 378C in a humidified atmosphere of 95% air and 5% CO 2 . The uppermost aliquot (1 ml) containing the motile fraction was aspirated and sperm concentration and viability were assessed. The suspension was adjusted to 4-5 × 10 6 spermatozoa/ml with Ham's F10 medium supplemented with BSA (35 mg/ml), streptomycin (100 mg/ml) and penicillin (100 U/ ml). Sperm suspensions were incubated for either 6 or 22 h in the presence of increasing protein concentrations of CM (0, 0.2, 0.8 and 1.6 mg/ml) at 378C in a humidified atmosphere of 95% air and 5% CO 2 .
In some experiments, spermatozoa were also incubated for 6 h in the presence of CM (1.6 mg/ml) that was pre-heated at 1008C for 10 min. After the incubations, sperm viability and motility were assessed again, and the AR and tyrosine phosphorylation in sperm proteins were assessed as described below.
Analysis of tyrosine phosphorylation
At the end of the incubations, spermatozoa were washed in PBS by centrifugation and resuspended in sample buffer (0.2% w/v bromophenol blue; 20% v/v glycerol; 0.125 M Tris-HCl; 4% w/v SDS, pH 6.8) (Laemmli, 1970) and boiled for 5 min; then two-mercaptoethanol was added to the supernatant to a final concentration of 5% v/v. Proteins from 2 × 10 6 sperm were loaded on each lane of the gel. Samples were analysed by an SDS-PAGE (7%) at 100 V in a Mini-protean II system (Biorad, Hercules, CA, USA), and electrophoretically transferred to nitrocellulose membranes (Schleicher & Schuell, Germany) (Towbin et al., 1979) . Membranes were first incubated with 5% dry skimmed milk in TBS-0.1% Tween 20 (blocking solution). Tyrosine phosphorylated proteins were detected with a monoclonal anti-phosphotyrosine antibody (clone 4G10, Upstate Biotechnology, NY, USA). After washes with TBS-0.1% Tween 20, peroxidase-conjugated anti-mouse IgG antibody was added. Following 1 h of incubation, the membranes were washed and reactive bands were detected by enhanced chemiluminescence using the ECL kit (Amershan, Buckinghamshire, UK). A commercial protein marker was used as the molecular weight standard (Kaleidoskope, Biorad). The amount of protein transferred to the membranes was assessed by Ponceau red staining. The immunoreactive bands were quantified with the Gel-Pro Analyzer (Media Cybernetics, Silver Spring, MD, USA) software. The intensities of the main protein bands of controls (after 6 h-or 22 h-incubation, respectively) were arbitrarily considered as 100% and the relative intensities of the bands on the other lanes were referred to those in controls.
Acrosome reaction assessment
After incubation for 6 or 22 h in the presence of increasing protein concentrations of CM, sperm samples were divided into two aliquots and exposed for 30 min to either control medium (spontaneous AR) or 20% v/v hFF (induced AR), after which the sperm AR was assessed. The rate of acrosome-reacted sperm was estimated by fluorescein-labeled Pisum sativum agglutinin (PSA) according to the protocol of Cross et al. (1986) . In brief, 50 ml of sperm suspension were smeared onto a slide. After air drying, the cells were fixed and permeabilized in methanol for 30 s. The smears were covered with PSA -FITC solution and placed in the dark at room temperature for 30 min in a moist chamber. The slides were rinsed with PBS twice, mounted with glycerol-PBS (9:1) and examined at ×1000 using an epifluorescence microscope (Leica Microsystems, Wetzlar, Germany). Spermatozoa were classified as: (i) non-reacted, if the acrosomal cap was uniformly labelled; (ii) reacting, if the acrosomal cap was labelled in a patchy pattern or (iii) reacted, if only the equatorial segment was labelled. At least 200 spermatozoa were evaluated in each slide. The percentage of reacted cells was reported as (b + c). The inducible population (IP) was calculated as the difference between the percentage of reacted cells in the presence of hFF (induced AR) and the percentage of reacted cells in the absence of this fluid (spontaneous AR).
Data analysis
Statistical analysis was performed using the GRAPH-PAD INSTAT program (GraphPad Software, San Diego, CA, USA). Analysis of variance (ANOVA) and the Tukey-Kramer test for multiple comparisons were used to compare the percentages of AR, and the percentages of sperm viability and motility. The Kruskal -Wallis non-parametric test was used to compare the percentages of sperm protein phosphorylation. Data were expressed as the mean + SEM. A P , 0.05 was considered significant.
Results
Tissue DNA integrity and conditioned medium protein concentration Oviductal tissue DNA integrity was evaluated after culture. DNA was extracted as described in Materials and Methods, and analysed by agarose gel electrophoresis. The results showed that none of the samples (n ¼ 17) presented an altered DNA pattern, as assessed by the absence of low-molecular weight fragments.
In order to perform comparable experiments, total protein concentrations of each CM was measured. The mean protein concentration in CM was 1.09 + 0.11 mg/ml.
Sperm viability and motility
Both sperm viability and progressive motility at different incubation periods and in the presence or absence of CM did not differ from those in the respective controls (data not shown). Viabilities and progressive motilities were always higher than 92 and 68%, respectively.
Effect of CM on protein tyrosine phosphorylation
After a 6 h incubation of spermatozoa under capacitating conditions in the presence of increasing concentrations of CM proteins, a dosedependent decrease of the Tyr P of sperm proteins with respect to that in the control [PTP 0.2 : 82.2 + 11.3%, PTP 0.8 : 60.0 + 14.3%, PTP 1.6 : 44.7 + 16.6% (P , 0.05) versus control (100%)] was detected (Fig. 1A) . Similar results were obtained after 22 h of incubation as the CM also impaired the Tyr P of sperm proteins [PTP 0.2 : 93 + 16.1%, PTP 0.8 : 61.8 + 13.5%, PTP 1.6 : 28.7 + 12.1% (P , 0.01) versus control (100%)] (Fig. 1B) .
Effect of CM on AR
The results mentioned earlier suggested that CM affected molecular pathways involved in sperm capacitation. Since only capacitated sperm are able to react with physiological inducers of AR, the hFF-induced AR was evaluated in spermatozoa preincubated in the presence of increasing concentrations of conditioned medium proteins. The results showed a dose-dependent decrease in the IP index with respect to that in controls, in both spermatozoa incubated for 6 h ( Fig. 2A) or 22 h (Fig. 2B ).
Markers of sperm capacitation after removal of CM
In order to investigate whether the effect of CM on Tyr P of sperm proteins was permanent, sperm were incubated for 6 h in the presence of conditioned medium proteins (1.6 mg/ml), washed with Ham's F10 medium, and further incubated for 4 h in the medium without CM. At the end of incubation, Tyr P of sperm proteins and the ability to undergo induced AR were assessed. The results indicated that the effect was not permanent since removal of CM by washing, followed by incubation under capacitating conditions for 4 h, led to an increase of Tyr P of sperm proteins. The percentage of phosphorylation after removal of CM (CMrem) did not differ significantly from that in sperm incubated in the absence of CM throughout the experiment (control 10 h), but was significantly higher than that observed in the presence of CM (10 h; P , 0.001) (Fig. 3A) . The effect of removal of CM on AR was also evaluated. In line with the results observed for Tyr P, the IP after removal of the CM (CMrem) was significantly higher than the IP with CM (10 h; P , 0.001), but it did not differ from the control at 10 h (Fig. 3B ).
Heat inactivation of CM
In order to investigate whether the CM effects were caused by thermolabile factors, spermatozoa were incubated for 6 h in the presence of increasing protein concentrations of CM or in the presence of CM (1.6 mg/ml) that was previously inactivated by heat. After the incubations, the AR was assessed. While the presence of CM caused a dose-dependent decrease in the IP, in the presence of heat-inactivated CM, the IP of spermatozoa was similar to that in sperm incubated in the absence of CM (Fig. 4 ).
Discussion
Sperm transport within the oviduct is a highly controlled process, regulated to synchronize the acquisition of fertilizing ability (Barrat and Cooke, 1991) . Owing to ethical and methodological reasons, retrieval of native human tubal fluid is difficult and not recommended (Lippes et al., 1972) . Most studies (including our recent ones) have utilized CM obtained from human oviductal cells or tissue explants culture, as a model to examine the interaction between the oviductal secretion and spermatozoa (Kervancioglu et al., 1994; Yeung et al., 1994; Zhu et al., 1994 Zhu et al., , 2001 Yao et al., 2000; Quintero et al., 2005; Robert et al., 2008; Munuce et al., 2009) .
After ejaculation, a number of spermatozoa move to the first portion of the oviduct, where they can remain viable for hours or even days in contact with the oviductal secretion. Mammalian spermatozoa undergo several metabolic and functional changes to become fertilizing-competent. These complex and not well understood events are designated as 'capacitation' (Yanagimachi, 1994; de Lamirande et al., 1997; Visconti et al., 2002) . Smith and Yanagimachi (1989) have shown that sperm capacitation proceeds at a faster rate when mating occurs after ovulation, indicating that capacitation may be influenced by soluble products.
The oviductal environment appears to exert an extrinsic regulation that may serve to select subpopulations of sperm that ultimately can participate in the fertilization process, as well as extend the fertilizable lifespan of spermatozoa by widening the window of capacitation in Results are expressed as means + SEM (n ¼ 3). a P , 0.01 (control 6 h) versus (CM6 h); b P , 0.001 (control 10 h) versus (CM10 h); c P , 0.001 (CM10 h) versus (CMrem); d P , 0.001 (CM6 h) versus (CMrem). (B) Sperm response to the AR induction increased after removal of CM, resulting in an IP from washed spermatozoa (CMrem) similar to that in the control at 10 h (control 10 h). Thus, the effect of CM on AR was not permanent. Results are expressed as means + SEM (n ¼ 3). CM, incubation in the presence of CM; CMrem, the CM was removed by washing after 6 h incubation. a P , 0.05 (control 6 h) versus (CM6 h); b P , 0.01 (control 10 h) versus (CM10 h); c P , 0.001 (CM10 h) versus (CMrem); d P , 0.001 (CM6 h) versus (CMrem). Figure 4 Effect of heat-inactivated CM on AR. Spermatozoa were incubated for 6 h in the presence or absence of CM proteins (0, 0.2, 0.8 or 1.6 mg/ml) or heat-inactivated CM (HI-CM, 1.6 mg/ml). At the end of incubations, AR was assessed. While CM caused a dosedependent decrease in the IP, the HI-CM did not affect the IP. Results are expressed as means + SEM (n ¼ 3). a P , 0.01 CM (1.6 mg/ml) versus HI-CM. these subpopulations (Cohen-Dayag et al., 1995; Eisenbach, 1999; Hunter and Rodriguez-Martinez, 2004; Holt et al., 2006; Rodriguez-Martinez, 2007; Hunter, 2008) .
The aim of the present study was to investigate the effects of CM from human oviductal tissue cultures on events related to human sperm capacitation. The incubation time points used in the present study were selected based on the data from Calvo et al. (1989) , who demonstrated that after 6 h of capacitation there is a significant increase in the percentage of hFF-induced AR in human spermatozoa. In addition, they reported a significant increase in the same parameter after 22 h of incubation under capacitating conditions with respect to the values obtained at 6 h. Our results from previous studies were in accordance with the mentioned work and thus, the present study was carried out at both time points.
Incubations for 6 or 22 h in the presence of CM did not affect sperm viability nor progressive motility. This was in agreement with the results of our previous studies with short time incubations in the presence of CM (Quintero et al., 2005; Munuce et al., 2009) .
Capacitation has been associated with an increase in the phosphorylation content in tyrosine residues of several sperm proteins (Visconti et al., 1995 (Visconti et al., , 2002 de Lamirande et al., 1997; Baldi et al., 2000; Urner and Sakkas, 2003) . Using this parameter to evaluate the sperm-capacitation status, in the present study, we showed that the presence of CM decreased the Tyr P of human sperm proteins in a dose-dependent manner. This is the first report showing that CM impairs the protein Tyr P of human sperm under capacitating conditions. The increase in Tyr P of two sperm proteins, p80 and p105, has been shown to be mediated by a cAMP/protein kinase A pathway (de Lamirande et al., 1997; Baldi et al., 2000; Visconti et al., 2002; Urner and Sakkas, 2003) . Since the Tyr P of p80 and p105 was decreased in the presence of CM, it could be speculated that CM interferes with the activation of the cAMP/protein kinase, a sperm pathway. In addition, stimulation of a dephosphorylation process that could contribute to a decrease in the phosphorylation content in Tyr residues of sperm proteins could also be involved.
Previous reports have also indicated that sperm capacitation is affected by incubation in the presence of oviductal fluid or by the contact between spermatozoa and epithelial oviductal cells (Murray and Smith, 1997; Yao et al., 1999; Petrunkina et al., 2003a Petrunkina et al., , b, 2004 Tienthai et al., 2004; Rodriguez-Martinez, 2007) . In an early study, the rate of sperm capacitation (as measured by the chlortetracycline assay) was shown to decrease with the interaction between human spermatozoa and isolated apical plasma membrane vesicles derived from oviductal epithelial cells (Murray and Smith, 1997) . Tienthai et al. (2004) reported that boar sperm capacitation (monitored as the significant increase in lipid scrambling at the membrane level by flow cytometry) did not increase by incubation under capacitating conditions in the presence of pre-and peri-ovulatory isthmic oviductal fluid. However, they found a significant increase in the percentage of capacitated sperm in the presence of post-ovulatory fluids. They suggested that the oviductal fluid could either play a role in arresting sperm capacitation in the pre-and peri-ovulatory sperm reservoir in pigs or stimulate the process during the post-ovulation period. Yao et al. (1999) , using chlortetracycline to assess capacitation, showed that the pattern associated with capacitation was significantly increased in those spermatozoa incubated in CM or co-cultured with oviduct epithelial cells. This apparent inconsistency with our results could be explained by different experimental conditions used in the study. The latter study was performed with CM obtained from human oviduct epithelial cell cultures, not from explants cultures as in the present study and, in addition, they incubated the spermatozoa directly in the CM. Moreover, we evaluated the effects of macromolecules from the CM .10 kDa, and spermatozoa exposed to defined concentrations of proteins from CM. Furthermore, capacitation was assessed by detection of Tyr P of sperm proteins instead of chlortetracycline staining. Petrunkina et al. (2003a Petrunkina et al. ( , b, 2004 reported that Tyr P of sperm head proteins and capacitation were delayed in canine spermatozoa in close contact with oviductal epithelium, but the sperm head phosphorylation (which is associated with capacitation and AR), progressed significantly in unbound spermatozoa during incubation. Working with human spermatozoa, Ficarro et al. (2003) reported that amarked increase in total sperm protein phosphorylation after an overnight capacitation, was also reflected in a significant increase in the number of human spermatozoa with sperm head phosphorylation, while only a small percentage of the non-capacitated sperm showed fluorescence staining at the tail but not at their head. The results of the present study showed a decrease in the total amount of phosphorylated sperm proteins and in the induced AR after incubation of spermatozoa in capacitating conditions and in the presence of conditioned medium proteins, which can be associated with a reduction in the number of capacitated sperm. Although the changes in protein phosphorylation on individual human spermatozoa were not analysed, based on the data mentioned above, it could be speculated that the incubation with conditioned medium proteins reduced mainly the number of spermatozoa with head phosphorylated proteins, but this remains to be demonstrated.
Considering that the presence of CM diminished Tyr P of sperm proteins, the ability of sperm preincubated with CM to undergo the hFF-induced AR, was also assessed. In the present study, long incubations with increasing concentrations of conditioned medium proteins did not induce the AR. This was in agreement with previous data using short incubations with CM (Killian, 2004; Quintero et al., 2005; Munuce et al., 2009) . However, our data indicated that hFF-induced AR was decreased in a dose-dependent way in the presence of conditioned medium proteins. In a recent study, we found that the hFF-induced AR tended to decrease in capacitated spermatozoa exposed for 2 to 0.8 h or 3.2 mg/ml of CM proteins, although no statistical power was achieved (Munuce et al., 2009 ). The present results show a significant decrease in the value of hFF-induced AR, after 6 or 22 h of incubation in the presence of increasing concentrations of CM proteins. The data suggest that the CM effect on induced AR requires longer incubation times to become significant.
These data, together with our previous results showing that the ionophore-induced AR is decreased in spermatozoa incubated in the presence of CM (Quintero et al., 2005) , may suggest that sperm plasma membrane is stabilized to some extent by CM. Since several proteins have been detected in the CM, it is likely that the mechanism of the CM effect on induced AR involves more than one pathway, leading finally to a decrease in sperm ability to undergo the AR. One possible mechanism could be that molecules from CM block progesterone receptors, which mediating the hFF-induced AR. The observations that the presence of conditioned medium proteins decreases the number of D-mannose-binding sites on capacitated sperm (Munuce et al., 2009) , and that progesterone receptors and D-mannose-binding sites seem to be located in close proximity on the sperm membrane (Benoff et al., 1995) , support the previous hypothesis.
In the work of Yao et al. (1999) , using chlortetracycline to assess AR, the magnitude of ionophore-induced AR was unaffected in those spermatozoa treated with CM. However, the sperm co-cultured with oviductal cells had a lower percentage of acrosome-reacted spermatozoa after the calcium ionophore challenge than did the control and CM groups. As mentioned above, the differences in the experimental conditions could partially explain the distinct results obtained in the present study, which mainly evaluates the effect of CM proteins.
The present data show that the CM effects on both Tyr P of sperm proteins and the induced AR are not permanent, since sperm preincubated with CM, washed and further incubated in the capacitating medium for 4 h respond to the AR inducer and increase the Tyr phosphorylated proteins similar to that in the control sperm. The effect of CM was not permanent, suggesting the presence of removable factors in CM which were responsible for the inhibitory effects. This observation is supported by the work of Tomes et al. (1998) where the Tyr P was partially recovered after removing seminal plasma, a known decapacitating agent, from the incubation medium. Since CM contains only molecules .10 kDa and the inhibitory effects on the induced AR are due to removable and thermolabile factors, there is a strong support about idea that the 'inhibitory components' in CM could be proteins.
Some studies in animal models have reported that the presence of spermatozoa could affect the protein synthesis and secretion from oviductal epithelial cells (Thomas et al., 1995; Georgiou et al., 2007) . Studies in mammal species have described that following mating, sperm transport occurs in sequential phases; an initial phase of rapid sperm transport within a few minutes after insemination (associated with a low-fertility rate), and a slow phase in the following hours (Overstreet and Cooper, 1978; Suarez and Pacey, 2006) . It could be speculated that spermatozoa from the rapid phase transport will be in contact with the pre-existent oviductal fluid, whereas the male gametes that arrive later into the oviduct will be bathed in an oviductal secretion modified by the previous interaction with sperm cells. Therefore, the modified oviductal environment could contribute to a differential modulation of sperm function during that phase of sperm transport. In the present study, human spermatozoa were incubated with CM in the absence of the oviductal tissue, and thus, the potential effect of spermatozoa on the human oviductal protein production was not investigated. Further experiments directed to answer this subject are being carried out.
Since spermatozoa are unable to repair any damages, changes in sperm membrane during capacitation lead to cell death, unless they are close to an oocyte. Thus, the oviduct environment could contribute to selective sperm membrane stabilization, keeping the fertilizing ability of some spermatozoa, at least until ovulation occurs. The present data indicated that proteins secreted from human oviductal tissue in culture were able to inhibit events associated with sperm capacitation in vitro. Taking into account the present study and the evidence from in vivo and in vitrostudies in animal models, it could be hypothesized that the human oviduct could preserve sperm viability and also modulate the sperm capacitation in order to provide a subpopulation of cells capable of responding to the oocyte signals at the time of ovulation.
In conclusion, the current data together with previous findings, suggest that conditioned medium proteins are able to modulate events associated with sperm capacitation in vitro. Further studies are being directed to identify the CM components responsible for the effects reported here and to investigate the mechanisms involved.
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